Desktop Radiance

A new tool for computer-aided
daylighting design

Konstantinos Papamichael, Ph.D.

Introduction

The use of daylight for the illumination of building
interiors has the potential to enhance the quality of the
environment while providing opportunities to save
energy by replacing or supplementing electric lighting.
Moreover, it has the potential to reduce heating and
cooling loads, which offer additional energy saving
opportunities, as well as reductions in HVAC
equipment sizing and cost. All of these benefits,
however, assume proper use of daylighting strategies
and technologies, whose performance depends on the
context of their application. On the other hand,
improper use can have significant negative effects on
both comfort and energy requirements, such as
increased glare and cooling loads. To ensure proper
use, designers need tools that model the dynamic
nature of daylight and accurately predict performance
with respect to a multitude of performance criteria,
extending beyond comfort and energy to include
aesthetics, cost, security, safety, etc.

Research and development efforts during the last
twenty-five years have resulted in a number of
computer-based daylighting tools, with varying degrees
of modeling capabilities and prediction accuracy.
Some of them, such as SuperLite and Lumen Micro are
limited to daylighting computations with strict bounds
on their modeling capabilities, while others, such as
Radiance and Lightscape, can model environments of
arbitrary complexity and extend beyond daylighting
and lighting computations to generating rendered
images that are most helpful for the evaluation of
lighting quality and aesthetics. Radiance is the most
accurate tool for predicting daylighting performance,
mainly because its calculations are based on true
energy balance equations.

The development of Radiance began in 1988 in an
effort to accurately predict the distribution of light in
architectural spaces, and it has been continuously
refined, enhanced and validated since then. Radiance
uses a combination of ray tracing and radiosity
algorithms to determine luminance or illuminance
values, which are then further processed to produce
photometrically accurate renderings. Radiance was
developed as a collection of many interrelated UNIX
processes, capitalizing on the capabilities of the UNIX
operating system. All Radiance functionality is
accessed through sequences of UNIX commands, while
the description of the scene to be rendered is expected
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in the form of a file that contains special keywords and
alphanumeric entries that describe the geometry of
surfaces along with the optical properties of materials
and light sources. This type of input requires significant
time investment in learning the required keywords and
syntax. Moreover, even experienced Radiance users need
significant time to describe a building or a space in terms
of keywords and xyz coordinates. As a result, Radiance
is mostly used on large architectural projects that can
support the associated expenses.

Desktop Radiance is being developed to make the
Radiance simulation engine easy to use on Desktop
computers used by the majority of building designers.
The strategy to achieving this goal is based on porting the
Radiance engine from UNIX to Windows and developing
an AutoCad-based front end (Figure 1) along with
libraries of materials, glazings, electric lighting
luminaires and furniture. These libraries are accessible
through a graphical user interface (Figure 2) and include
an editor for user-defined materials. The overall package
includes a simulation control interface (Figure 3) an
interactive rendering module that alows quick view and
control of the rendered image while it is being computed
(Figure 4). Moreover it includes an application that
allows viewing of Radiance images and their further
manipulation with respect to changing exposure,
generating isolux and false color images, as well as
adjusting the image to account for the sensitivity and
dynamic range of the human eye (Figure 5). Finally,
Desktop Radiance includes a Simulation Manager that
allows management and control of multiple simulation
runs (Figure 6). Through the Simulation Manager, users
can duplicate and modify prior simulations to explore
alternative scenaria with respect to accuracy, time of the
day, sky conditions, etc.

Desktop Radiance 1.0 is available free of charge from
http://radsite.lbl.gov/deskrad. The current development
efforts focus on the development of editors for user-
defined materials, glazings, luminaires and furniture, the
specification of user-defined sky luminance distributions,
and the exploration of the development of links to
additional CAD software.
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Figure 1. AutoCad R-14 isused as afront end to the Desktop Radiance
modules. All of the functionality of Desktop Radiance is available through an
AutoCad menu.

' Luminaires Library E1

LE
1k

1
Ve
LE

1 beige paint
LBML
2k216

T aff-white paint

lurnark: gb1500w flood

Reflectance: ¥1.00% ﬂ
LEML

Specularity: 0.00%
Trangmittance: 0.00%
Roughness: 0.00%

Reflectance: B8.00%
Glazings Library

LEML
philipz 100w MH flood
LEMI

. Furnishings Library

Lamp; incac =
"watts: 1500 |
Lumens: 35 |
Mumber of |
Lamp: incac
Whatts 100

Float Glass Single Pane 5" long desk

Transmittance: 88.00% il an
LEML Reflectance: 12.00% LE LEML
Ibrl-glz-1 Thickness 0.22 mm = LBMLfrn-56
Colar: clear LE
Genenc clear glass Transmittance; 83,903 cle ng;ﬁ_‘? table
LEML Reflectance: 82.00% LE LBNL 57
clear3 Thicknessz: 3.05 mm -
Color: clear LE |

zmall endtable
LBNL
LBML-fin-58

Transmittance: 88,305
Reflectance: 8.00%
Thicknesz 5.71 mm
Color: clear
Transmittance: B1.70%
Reflectance: B.20%
Thicknesz 3.059 mm
Color; gla_l,l

clear glass
LEML

rdl
LE

Black Chair
LEML
LBML-frn-1

LB

EEN

Single Gray glazs
LEML
blus chair

= LEML
‘ LEMLin-2

Lol

Eind ” Sort by ||Cumm|:|n narme j

Cancel | Prnpeniesl Help |

Cancel | F"rupemesl

Coalor: wood_», wood_y/a
Height: 1.562m inches
Length: .810m inches
Width: 1.585m inches

Calor: wood v, wood_z
Height: 48.77cm inche:
Length: 48.77cm inche
Width: 48.77cm inches

Calor: wood_x, wood_y
Height: .231m inches
Length: 1.262m inches
Width: .653m inches
Colar: black, chrame, w
Height: .79 m meters
Length: .58 m meters
Width: 508 m meters
Colar: blue, woodgrain
Height: 1.1 m meters
Length: 571 m meters

Width, B3 m meters_l_l
R S

Find | I aart by | ICDmmDn name J

Help |




Figure 2. Dekstop Radiance users can select materials, glazings, luminaires and furniture from corresponding
libraries, through a graphical user interface.
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Figure 3. All simulation control optionsin Desktop Radiance are set through a graphical user interface.
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Figure 4. Desktop Radiance includes a module that alows users to review renredered
images while they are being generated, giving them an opportunity to change simulation
parameters to better fit their needs.



# Winimage - [light_iso.pic]
[ Eile Edit Image Analysis MWindow Help

¥ Winimage - light.pic [H[=] E3

File Edit Image Analysis Window Help

@ light pic = B

:
4853.045

¥ Winimage - [light_fls_pic]
El\e Edit Image Analysis MWindow Help

i
4

Figure 5. Desktop Radiance includes a module that allows users to view precomputed Radiance
images and display them with superimposed iso-illumination curves or in false color that indicates
light levels.
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Figure 6. The Simulation Manager alows users to management and control multiple
simulation runs quickly and easily. Users can modify and rerun simulations for any
number of different scenarios.



